METHODS:
The total stress in a biphasic mixture is given by s s=-pI+ s s e , where p is the interstitial fluid pressure and s s e is the elastic stress in the solid matrix. The governing equations of the biphasic theory are div s s =0 and div (v s -k gradp)=0, where v s is the solid phase velocity and k is the tissue permeability tensor. According to the CLE theory, the elastic stress for a solid matrix with cubic symmetry is given by s s e =Sa=1,3{l1 [trAaE] (trAaE)Aa +m(AaE+EAa) + l2 Sb=1,3 (trAaE)Ab} (b¹ a), where E is the strain tensor and l1, l2 and m are material properties. The texture tensors Aa are given by the dyadic products aaaa (a=1,2,3), where the three unit vectors aa are mutually perpendicular. The tension-compression nonlinearity is manifested in the fact that l1[trAaE]= l1-when trAaE<0, and l1[trAaE]= l1+ when trAaE>0. Thus, there are four elastic material constants in this model, in addition to the permeability constants which appear in k. Since it is unlikely to obtain all material parameters from one type of experiment, a sequence of unconfined compression, shear and confined compression tests was performed on the same cylindrical plug of cartilage. Six carpometacarpal joints of 2-4 month old bovine calfs were obtained from a local abattoir. After dissection, cylindrical plugs of cartilage (diam. = 6.53 mm) were punched out and microtomed to remove the deep zone, producing a mean±std.dev. thickness of h=1.09±0.26 mm. Specimens were stored at -80° C until ready for use.
For unconfined compression experiments, the tissue was compressed between two impermeable flat platens. The fixed, bottom platen had a 1 mm hole ( Fig. 1) connecting to a microchip pressure transducer, similar to the one used in [9] . A tare load of 1.78 N (50 kPa) was applied; following equilibrium, as indicated by fluid pressure becoming zero, a stress relaxation experiment was initiated where the displacment of the top platen was ramped at constant velocity (0.125 mm/s) until 5% tissue strain was reached. At the completion of the stress relaxation test the tissue was unloaded and allowed to re-equilibrate for 2 hours. The specimen was then loaded into a confined compression chamber and compressed by two porous platens to the same tare load as the previous unconfined compression test. A pure shear test was peformed (step angular displacement = 0.9°) and the resulting torque was measured. The angular displacement was then removed and the tissue was allowed to re-equilibrate; a stress relaxation experiment was then performed in confined compression by ramping the displacement at constant velocity until 5% strain was reached. The parameter m was obtained from the equilibrium shear response (Fig. 2) ; HA-=l1-+2m and kz (axial permeability) were obtained by curvefitting the total stress response from confined compression (Fig 3) from which l2=.31HA-was assumed [7] ; and HA+=l1++2m and kr (radial permeability) were obtained by curvefitting the total stress response from unconfined compression (Fig 4) . The fluid pressure at the center of the specimen was then predicted from theory for unconfined compression and compared with corresponding experimental data to test the predictive ability of the model. Comparison between experimental and theoretical results were assessed with a nonlinear correlation coefficient, r 2 .
RESULTS:
The mean±std.dev. values of the material properties (n=6) were found by curvefitting: 1) equilibrium shear response (r 2 =0.99±0.02, Fig 2) (Fig. 4) . DISCUSSION: The successful curvefits and predictions of experimental data in three different loading configurations (Figs 2,3,4) described in this study confirm the hypothesis that a CLE model for the solid phase of a biphasic mixture can succesfully predict the response of cartilage in unconfined compression (Fig 4) , while preserving consistency with the response in confined compression (Fig 3) and shear (Fig 2) . The basic premise of this model is that it accounts for the known tension-compression nonlinearity of articular cartilage [4, 10] , as evidenced by the observed difference in the magnitudes of HA-(compressive modulus) and HA+ (tensile modulus). The permeability was found to be different in the axial and radial directions suggesting that k is not isotropic. Furthermore, this model predicts that interstitial fluid pressurization may support 95% of the total applied load in the early time response of unconfined compression, confirming that fluid pressurization plays a major role in the load support mechanism of articular cartilage in a variety of loading configurations [9] . Acknowledgment: National Institutes of Health (1R29-AR43628). One or more of the authors have received something of value from a commercial or other party related directly or indirectly to the subject of my presentation.
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